
A  nalysis and Design of Control Systems  

 

 

 
 

2 CONTROL SCIENCES  No. 5 ● 2022  

 DOI: http://doi.org/10.25728/cs.2022.5.1  

DESIGNING AN ADAPTIVE STABILIZING SYSTEM  

FOR AN UNMANNED AERIAL VEHICLE  

 
N.A. Pervushina1 and A.D. Frolova2 

 
Zababakhin All-Russian Research Institute of Technical Physics (VNIITF),  

Russian Federal Nuclear Center, Snezhinsk, Russia 

 
1
 p-n-a100678@yandex.ru, 

2
 antonina.garishina@yandex.ru  
 

 

Abstract. This paper presents a mathematical model of an efficient adaptive stabilizing system 

in the pitch channel of an unmanned aerial vehicle. The model is described by a functional 

block diagram and is based on a correction method proposed for onboard computers. Some 

structural modifications are suggested for the correction loop to improve the performance of the 

stabilizing system of the nonlinear dynamic item under control mode switching. The operation 

of the stabilizing system is simulated with the tuned parameters of the correction loop under 

fixed gains of the main loop. The new structure of the correction loop in the stabilizing system 

demonstrates high efficiency in the operation modes of the vehicle. Due to the proposed design 

procedure, the stabilizing system with the new structure of the correction loop is constructed 

several times faster compared with the classical method of fixed factors.   
 

Keywords: unmanned aerial vehicle, pitch channel, stabilizing system, mathematical modeling, design, 

the efficiency of a stabilizing system. 
 

 

 

INTRODUCTION  

The performance and operability of a stabilizing 

system (SS) of an unmanned aerial vehicle (UAV) in a 

domain corresponding to its admissible application 

conditions are determined by the aerodynamic proper-

ties of the guided item and the chosen structure of the 

control signal. The traditional solution of the SS de-

sign problem with constructing a linearized model of 

the UAV for each flight mode and approximating the 

resulting coefficients depending on the dynamic head 

by the method of fixed factors ensures system opera-

tion in the entire range of flight modes [1, 2] but re-

quires computing cost. Therefore, finding the most 

efficient ways of solving this problem is topical. The 

efficiency of a system or process is usually understood 

as the ratio of the result achieved and the resources 

used.  

This paper considers airplane-type guided UAVs 

with the normal aerodynamic scheme, a large elonga-

tion wing, and differential rudders. The object of study 

is the longitudinal control channel (pitch channel) in 

the UAV stabilizing system. The goal of study is to 

develop a mathematical model of an effective adaptive 

stabilizing system in the pitch channel. The effective-

ness of the SS will be understood as system operation 

in switching modes with the highest possible perfor-

mance in the entire range of flight modes with the 

minimum computing cost of the design procedure. A 

stabilizing system with these properties will be called 

efficient. 

There are ways to improve the performance of the 

SS by increasing its speed. A term corresponding to 

some additional impact on the controls is introduced in 

the control signal structure of the pitch channel of the 

UAV. In [3–7], the control signal in the pitch channel 

was formed by an overload discrepancy, an integral of 

discrepancy, a signal proportional to the pitching rate 

(damper), i.e., an analog of a proportional-integral-

differential (PID) controller, and an additional balanc-

ing signal or a signal similar to the pilot force applied 

to the stick. As shown in [9], when the aerial vehicle 

reaches a given altitude, the automatic thrust force 

control is implemented by a similar law. In [10], the 
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control signal applied to the elevators was also formed 

with an additional term proportional to the angle of 

attack. A similar technique was used to improve the 

performance of the overload stabilization loop in the 

coefficient adaptation algorithm [11]. These examples 

of control signals in the pitch channel allow improving 

the quality of transients (increasing the speed). How-

ever, for the SS to operate in the entire range of ad-

missible modes, we still need a specific set of system 

gains for each nominal point of this range. 

Modern UAVs are designed to operate in various, 

particularly extreme, flight modes. The most difficult 

and dangerous modes are the critical ones in terms of 

the angle of attack. If the critical angles of attack are 

exceeded, the control efficiency of the UAV decreas-

es. The paper [12] proposed a two-loop stabilizing 

system in the pitch channel where the auxiliary loop 

limits the angle of attack through an algebraic selector: 

it changes the system structure in accordance with the 

channel switching logic. This approach yields a well-

damped system, but significantly restricting the angle 

of attack increases the transient time. 

A mathematically justified method for designing 

linear systems with the minimum settling time was 

presented in [13]. The time-optimal solution was ob-

tained using the theory of optimal controllers.  

Fuzzy controllers are often employed to stabilize 

dynamic plants in modern control systems. This class 

of controllers has low sensitivity to changes in the 

plant’s parameters and is characterized by high speed 

and accurate positioning [14, 15]. According to com-

puter simulations [16], fuzzy controllers used for sta-

bilizing the UAV in the pitch channel demonstrate 

high speed. However, such controllers are difficult to 

describe due to a rule base developed for the input pa-

rameters. 

Currently, there are many examples of fuzzy con-

trollers improving the performance of control systems 

[17–21]. Fuzzy controllers do increase the speed of 

systems, but they require additional tuning depending 

on the operation mode and under control mode switch-

ing.  

In this paper, we construct a mathematical model of 

an efficient SS based on the approach described in the 

monograph [2]. This approach requires no parameter 

changing and involves the method of fixed factors. The 

authors [2] proposed a fast reduction of the control error 

using an additional signal of an appropriate sign when 

the stabilization error exceeds a certain threshold. 

The results presented below were obtained by 

computer modeling. The flight of an aerial vehicle in 

the Earth’s atmosphere is described by a system of 

nonlinear ordinary differential equations with coeffi-

cients that depend on free stream parameters.  

The following problems are sequentially solved in 

this paper: 

– Mathematical models of the guided item and SS 

are developed.  

– The mathematical model of the SS is designed, 

and the correction loop parameters are tuned.  

– Some structural modifications are suggested for 

the correction loop to improve the performance of the 

SS. The operation of the SS with the new correction 

loop is tested. 

1. PROBLEM STATEMENT  

To develop a mathematical model of an efficient 

adaptive stabilizing system, we choose the classical 

structure of the SS in the pitch channel [19] with the 

control signal 

0

elev ωσ ω
z

t

i y n y z

t

K n dt K n K                (1) 

and the following notations: ∆ny = ny giv – ny is the dis-

crepancy value, where ny giv is a given value of the nor-

mal overload and ny is the SS output; σelev is the elevator 

control signal, in deg; Ki, Kn, and Kωz are known gains of 

appropriate dimension; finally, ωz is the pitching rate, in 

deg/s. 

We form the additional control signal σadd using a 

functional analog of the pulse correction scheme that can 

be implemented in digital onboard systems [2]. Consider 

a scheme consisting of an integrator and an aperiodic link 

that are connected in parallel with the main stabilization 

loop when the stabilization error exceeds a given thresh-

old. Connecting the scheme to the stabilization error sig-

nal ∆ny and the pitching rate signal ωz reduces the over-

shoot and the rate of oscillation due to a small error 

threshold when increasing the system speed.  

Figure 1 shows the block diagram of the pitch chan-

nel stabilizing system with the control signal (1) when 

connecting the correction loop as recommended in [2].  

Figure 1 has the following notations: σelev is the 

equivalent elevator control signal, in deg; δelev is the 

equivalent elevator angle, in deg; δadd is the additional 

control signal during the correction, in deg; σthres is the 

threshold control signal, in deg; Kn, Kω, K1, K2, and K3 

are the appropriate-dimension gains of the auxiliary 

loop of the stabilizing system; T is the time constant of 

the aperiodic link in the correction loop, in s; 

sign(σthres) is the sign function [20]; finally, p is the 

Laplace transform variable. 
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The guided item is described by a nonlinear 

mathematical model in the aircraft-linked coor-

dinate system [1, 19]: 

ω 180
,

α cos 180
ω ,

ω ,

z z

zz

y

z

z

d m qSL

dt I

c qSd g

dt V mV

d

dt


  


  

    
 

 




   (2)  

where α is the angle of attack, in deg; ϑ is 

the pitch angle, in deg; mz  = mz(M, α, δelev, 

...) is the aerodynamical coefficient of the 

pitching moment, which nonlinearly de-

pends on the free stream parameters, the el-

evator angle, etc., a dimensionless quantity; 

cy = cy (M, α, δelev, ...) is the aerodynamical 

lifting force coefficient, which nonlinearly 

depends on the free stream parameters, the 

elevator angle, etc., a dimensionless quanti-

ty; M is the Mach number; q is the dynamic 

head, in Pa; S is the midship area, in m
2
; L is  

 

 
 

 

Fig. 1. The block diagram of the SS in the pitch channel with the correction loop. 

 

 

the characteristic linear dimension of the aerial vehi-

cle, in m; m is the aerial vehicle mass, in kg; V is the 

airspeed of the aerial vehicle, in m/s; finally, g = 

9.80665 m/s
2
 is free fall acceleration. 

In this problem, the actuator of the elevator has the 

linear mathematical model 

elev
A elev elev

d
T

dt


    ,                     (3) 

where TA = 0.025 s is the time constant of the actuator. 

For example, consider five nominal points of the 

aerial vehicle trajectories (Table 1). 
 

Table 1 

Nominal points of trajectories 

Parameters, 

units of 

measure-

ment 

Nominal points 

1 2 3 4 5 

q, kPa 5.5 10.5 20 30.5 44 

V, m/s 100 160 200 250 270 
 

The performance requirements for the stabilizing 

system in the entire range of nominal points of the aer-

ial vehicle trajectories are as follows: 

 The time tset to execute a given control step excita-

tion (5% of the steady-state value) must be about 1.5 s. 

 The overshoot σ in the transients at the SS output 

must be minimum, not exceeding 30%.  

 The maximum value of the control signal σelev in 

the SS must not exceed ±20°.  

 At the design stage, the gain margin Lmar must be at 

least 10 dB.  

 At the design stage, the phase margin φmar must be 

at least 30°. 

2. DESIGNING THE MAIN LOOP                                         

OF THE STABILIZING SYSTEM 

The system of differential equations (2) is linear-

ized in the neighborhood of each nominal point; see 

Table 1. For linearization, we simplify the aerodynam-

ical coefficients model: 

elev

0 elevy у y yc c c c
     , 

elev

elev ,z z zm m m
                        (4) 

with the following notations: 
0уc  is the aerodynamical 

coefficient cy for α = 0 and δelev = 0; cy
α
 is the deriva-

tive of the coefficient cy with respect to the angle of 

attack, in deg
–1

; cy
δ
elev is the derivative of the coeffi-

cient cy with respect to the elevator angle, in deg
–1

; mz
α
 

is the derivative of the coefficient mz with respect to 

the angle of attack, in deg
–1

; finally, mz
δ
elev is the de-

rivative of the coefficient mz with respect to the eleva-

tor angle, in deg
–1

. 
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The relationship between the overload and the an-

gle of attack [21] is described by 

 y yn c Sq / mg  .                     (5) 

For 0  , the linearized system of differential 

equations has the form 

elev

elev

elev

elev

180 180
,

180 180

z
z z
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y y z

d qSL qSL
m m

dt I I

d qS qS
c c .

dt mV mV





  
     


        

  

  (6) 

Under the above requirements, we designed the 

main loop of the SS in the pitch channel (Fig. 1) using 

the method of amplitude-log responses [20] for the 

guided item (6). The resulting gains Ki, Kn, and Kωz of 

the main loop as well as the values of the performance 

indicators and stability margins are combined in Ta-

ble 2.  

The transients in the main loop of the SS with the 

linearized guided item (4) are shown in Fig. 2. In the 

graphs of Figs. 2 and 3, the results for point 1 are indi-

cated by a black bold line; for point 2, by a black thin 

line; for point 3, by a black dashed line; for point 4, by 

a gray bold line; for point 5, by a gray dashed line.  

 
 

              

 

 
Fig. 2. Transients in the main loop of the SS in the pitch channel. 

 

Table 2 

The main loop of the SS 

Nominal 

points 

SS gains Performance indicators Stability margins 

Ki Kn Kωz tset, s σ, % Lmar, dB φmar, ° 

1 – 10.86 – 0.098 – 0.239 1.50 1.4 14 66 

2 – 6.488 – 0.889 – 0.290 1.55 1.0 31 71 

3 – 2.796 – 0.051 – 0.175 1.50 0.1 21 71 

4 – 2.289 – 0.176 – 0.259 1.55 0.5 36 73 

5 – 1.702 – 0.092 – 0.178 1.48 0.1 35 74 
 

 
              

 
 

 
Fig. 3. Transients in the main loop of the SS in the pitch channel: (a) the gains Ki = – 10.86, Kn = – 0.098, and Kωz = – 0.239 (point 1) and (b) the gains Ki = 

– 1.702, Kn = – 0.092, and Kωz = – 0.178 (point 5).  
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This design procedure of the main loop of the SS 

in the pitch channel at each nominal point of the UAV 

trajectory illustrates the method of fixed factors. Fur-

ther, the resulting coefficients are traditionally approx-

imated depending on the dynamic head: Ki(q), Kn(q), 

Kωz(q). The result is an adaptive SS. 

This design procedure is computationally intensive 

due to considering each nominal point. Indeed, the SS 

gains vary significantly; see Table 2. For instance, the 

coefficient Ki = – 10.86 for point 1 and Ki = – 1.702 

for point 5 differ almost tenfold.  

As an example, Figs. 3a and 3b show the simulated 

operation of the SS with the linearized guided item (3) 

and the gains corresponding to the extreme points (1 

or 5). 

At nominal points with a small dynamic head 

(point 1), a large control action is required for stabili-

zation. In other modes, however, this control action 

turns out excessive (Fig. 3a). For instance, when simu-

lating the operation of the SS at nominal point 5, the 

overshoot reaches 40%, which is unacceptable. At 

nominal points with a high dynamic head (point 5), 

such a control action becomes unnecessary. In this 

case, when simulating the operation of the SS at nom-

inal point 1, the transient time increases manifold; 

therefore, the control action is insufficient (Fig. 3b).  

We use a correction loop (Fig. 1) to increase the 

efficiency of the SS (stabilize the pitch angle in the 

entire range of nominal points using only one set of 

gains). 

3. TUNING THE CORRECTION LOOP 

The recommendations provided in [2], semi-

empirical in nature, can underlie a tuning procedure 

for the parameters of the correction loop (the auxiliary 

loop) depending on the dynamic properties of the 

UAV under consideration. According to these recom-

mendations, the time constant T of the aperiodic link 

in the correction loop (Fig. 1) is related to the coeffi-

cient K2 at the integrator. More precisely, the smaller 

this constant is, the greater value the coefficient will 

take. A larger value of the coefficient increases the 

speed of discrepancy processing but can quickly bring 

the scheme to saturation, so the choice of the time 

constant T is determined by the performance require-

ments for a particular system. In an initial approxima-

tion, the time constant T should be taken 10–15 times 

greater than the time constant TA (3) of the actuator. 

We restrict the control signal of the correction loop to 

±10° (50% of the maximum value of the control signal 

according to the SS requirements). The other parame-

ters of the correction loop are selected depending on 

the properties of the guided item and actuator and the 

operation modes of the SS.  

 

3.1. Tuning under the Single Step Excitation 

The parameters of the auxiliary control loop were 

tuned under a typical single step excitation of the form 

giv

0 for 0,
1( )

1 for 0.
y

t
n t

t


  


                   (7) 

Let the main loop of the SS be designed for the 

nominal point with the smallest dynamic head (point 

1). In this case, the auxiliary loop is intended to reduce 

the control action: the other nominal points have a 

greater value of the dynamic head, and this control 

action will be excessive for them (Fig. 3a). 

In accordance with the above recommendations, 

the correction loop was configured to work the influ-

ence (7). The values of the loop parameters after tun-

ing are shown in Table 3. 
 

Table 3 

Correction loop parameters 

Parameters T K1 K2 K3 Kn Kω 

Values 0.25 0.1 10 0.5 0.1 – 0.25 

 

In the scheme of Fig. 1, the signal σadd enters the 

main loop of the SS with the minus sign. The simulat-

ed operation of the SS with the additional loop is 

shown in Fig. 4 (bold line). 

According to the simulation results, the gains of 

the main loop obtained for point 1 work with the cor-

rection loop in the system with the guided item’s 

mathematical model for point 5 and the input (5). 

Now we test the SS in the case when the input am-

plitude differs from 1. The simulation results are pre-

sented Figs. 5a and 5b. The graphs indicate that the 

correction result depends on the input value of the SS. 

However, this feature is not stipulated by the correc-

tion loop scheme selected in the paper (Fig. 1). 
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Fig. 4. Parameters of the SS in the pitch channel before and after correction: (a) ny and (b) σelev. 

 

 
           

 
 

 
Fig. 5. Output processes of the SS in the pitch channel: (a) ny giv = 2·1(t) and (b) ny giv = 0.5·1(t). 

 

 

3.2. Structural Modifications in the Correction Loop 

In view of the aforesaid, we suggest considering  
ny giv  as an input signal of the correction loop of the 

SS. This structural modification of the auxiliary loop 

is shown in Fig. 6. 

 
              

 

 
Fig. 6. The suggested modification in the correction loop scheme. 

 

3.3. Simulation of the Stabilizing System                         

at Each  Nominal Point 

Let us simulate the operation of the modified SS 

(Fig. 6) at the nominal points (Table 1). The simula-

tion results are demonstrated in Fig. 7 except for point 

5 (loop tuning; see Fig. 4).  

According to these graphs, the additional control 

signal σadd worsens the transients when passing from 

one nominal point to another with a decrease in the 

dynamic head (i.e., when the main loop of the SS ap-

proaches its initial settings). In other words, the SS 

loop  with  the  gains  obtained  at  the  design  stage  (for 
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Fig. 7. Output processes of the modified SS in the pitch channel: (a) point 1 (q = 5.5 kPa), (b) point 2 (q = 10.5 kPa), (c) point 3 (q = 20 kPa), and (d) point 4 

(q = 30.5 kPa). 

 

point 1) needs no additional correction. For the other 

points (2, 3, and 4), it is necessary to gradually in-

crease the correction effect and, hence, the signal σadd. 

 

3.4 Tuning the Control Signal σadd 

To regulate the degree of correction, we suggest a 

dimensionless coefficient K that depends on the dy-

namic head q as follows: if q = 44 kPa (max), then K = 

1; if q = 5.5 kPa (min), then K = 0. Let the coefficient 

K change linearly between the nodal points. The linear 

approximation of K is given by 

( ) 0 026 0 143K q . q .  ,                   (8) 

where q is the dynamic head, in kPa. 

Considering (8), the signal σadd takes the form 
*

add addσ ( ) σK q ,                         (9) 

where σ*add is the control signal of the correction loop 

before the tuning procedure (8). 

Figure 8 shows the simulation results of the SS 

with the control signal (9) for points 1 and 5. These 

graphs are the counterparts of the ones presented in 

Fig. 7.  

 

3.5. Simulation of the Stabilizing System                      

with the Nonlinear Guided Item 

Next, we simulate the operation of the SS under 

the following conditions: 

1) The guided item in the pitch channel is de-

scribed by the system of nonlinear differential equa-

tions (2). 

2) The aerodynamical coefficients model is:  

2.1) linear (4), 

2.2) nonlinear. 

3) The control signal in the main loop has the 

structure (1). 
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4) The control signal in the auxiliary loop has the 

structure shown in Fig. 1. 

5) The actuator model is described by the differen-

tial equation (3), written in difference form as 

1 1elev elev elevi i i
a b

 
     , 

where A/a h T  and Ah/Tb e . 

6) The relation between the overload and the angle 

of attack is described by formula (5). 

7) The system of equations (2) is integrated using 

the fourth-order Runge–Kutta method with an integra-

tion step h, a conventional approach in the numerical 

modeling of aircraft flight dynamics.  

Figure 9 shows the simulation results under condi-

tions 1)–7) for the linear aerodynamical coefficients 

model with h = 0.01 s. 

In Fig. 9, the results for point 1 are indicated by a 

black bold line; for point 2, by a black thin line; for 

point 3, by a black dotted line; for point 4, by a gray 

bold line; for point 5, by a gray thin line. 

The values of the integral performance criteria of 

the processes in Fig. 9 are combined for comparison in 

Table 4. The values of the integrated square error 

(ISE) and the integrated weighted absolute error 

(IWAE) decreased significantly during the execution 

of the single step excitation. For instance, for the ex-

treme nominal point 5, the IWAE value decreased by 

4.5 times.  

The performance of transients in the SS was also 

assessed by the settling time tset and the overshoot σ. 

The estimated values of these indicators are given in 

Table 5.    

 

 
            

 

 
Fig. 8. Output processes of the SS with the tuned control signal σadd: (a) point 1 (q = 5.5 kPa) and (b) point 4 (q = 30.5 kPa). 

 
         

 

 

Fig. 9. Output processes of the SS: (a) before correction and (b) after correction.  
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Table 4 

Integral performance criteria 

Nominal 

point 

Without correction With correction 

 
2

 giv

0

ISE

T

y yn n dt    giv

0

IWAE

T

y yt n n dt   ISE IWAE 

1 0.479 0.409 0.479 0.409 

2 0.329 0.414 0.312 0.236 

3 0.248 0.338 0.213 0.124 

4 0.218 0.289 0.178 0.082 

5 0.191 0.220 0.160 0.047 

 
Table 5 

Performance indicators of transients 

Nomi-

nal 

point 

Indicators 

Without correction With correction 

tset, s σ, % tset, s σ, % 

1 2.1 6 2.1 6 

2 2.4 24 1.6 9 

3 1.9 34 1.2 7 

4 2 40 0.9 5 

5 1.7 42 0.6 0 

 
For instance, for nominal point 5, the time tset de-

creased by 3 times and the overshoot σ decreased by 

42% during the execution of the single step excitation.  

Figure 10 presents the simulation results for the non-

linear aerodynamical coefficients model. The range of 

the dynamic head q on the simulated trajectory was from 

25 to 6.5 kPa. The gains of the control signal (1) in the 

main loop were fixed and corresponded to nominal point 

1: Ki = – 10.86, Kn = – 0.098, and Kωz = – 0.239. The 

gains of the auxiliary loop were taken from Table 3. 

 
 

 

 
Fig. 10. The output process of the SS with the correction loop for the 

nonlinear aerodynamical coefficients model. 

 

For comparison, Fig. 11 shows the simulated oper-

ation of the SS without the correction loop with the 

gains calculated depending on the dynamic head q ac-

cording to Tables 1 and 2. Figure 12 demonstrates the 

deviations of the parameter ny from the given values  

ny giv for the two types of stabilizing systems.  

 

 

 

 
Fig. 11. The output process of the SS without the correction loop for the 

nonlinear aerodynamical coefficients model. 

 

 
          

 
 

 
Fig. 12. The deviations of the parameter ny from the given values ny giv  

for the nonlinear aerodynamical coefficients model. 

 
As follows from Fig. 12, the developed adaptive 

stabilizing system rapidly reduced the error. These 

results indicate the efficiency of the developed SS, the 

correct design procedure of the main loop, and the cor-

rect parametric tuning of the auxiliary loop. The pro-

posed procedure works for the angles of attack within 

the range of ±24°. The absolute value 24° of the angle 

of attack is the limit for the UAVs under considera-

tion. 

Figure 13 presents the new block diagram of the 

pitch channel correction scheme based on the refine-

ments and modifications suggested in this paper 

(shown in bold).  
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Fig. 13: The block diagram of the correction loop of the SS in the pitch 

channel. 

 

CONCLUSIONS 

This paper has presented a mathematical model of 

an efficient adaptive stabilizing system (SS) in the 

pitch channel of an unmanned aerial vehicle (UAV). 

The model is based on the correction method proposed 

for onboard computers. 

The linearized mathematical model of the UAV 

has been simulated under different single step excita-

tions. According to the simulation results, the perfor-

mance of the SS worsens if the amplitude of the input 

excitation differs from the one used for tuning the cor-

rection loop. Therefore, the following structural modi-

fications have been proposed for the auxiliary loop: 

– treating a given excitation as an input signal, 

– introducing a coefficient that depends on the dy-

namic head to regulate the degree of correction. 

Computer simulations have been carried out with 

integration by the fourth-order Runge–Kutta method, 

and the values of integral performance criteria and 

performance indicators have been calculated. Based on 

these results, the stabilizing system with the new cor-

rection loop demonstrates a good quality of stabiliza-

tion: no overshoot and high settling times of up to 

0.6 s. 

The mathematical model of the SS has been im-

plemented in the program code. According to the sim-

ulation results, due to the proposed design procedure, 

the stabilizing system with the new structure of the 

correction loop is constructed several times faster 

compared with the classical method of fixed factors: 

the classical method is applied only for one nominal 

point (with the minimum dynamic head) from the set 

of admissible flight modes of the UAV. The constant 

coefficients of the correction loop are then tuned to 

ensure the operation of the SS in the entire range of 

flight modes (up to the maximum dynamic head), and 

the tuning procedure requires insignificant time com-

pared with the main loop design procedure.  

The design approach proposed above is recom-

mended for developing digital adaptive stabilizing sys-

tems in the pitch channel of unmanned aerial vehicles 

to improve the quality of stabilization in a set of their 

operation modes while reducing the associated compu-

ting cost. 
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